Bounds of the neutral current sector parameters of the left-right symmetric model are investigated taking into account the low-energy data, LEP-data and CDF-result for the top mass m t = 174 ± 10 +13 −12 . It is found that in the case of the minimal scalar sector with a left-and a right-handed triplet and a bidoublet Higgses the mass of the heavy neutral gauge boson M Z ′ should be larger than 1.2 TeV, assuming equal leftand right-handed gauge couplings and a negligible VEV of the left-handed triplet.
and a bidoublet Φ in the scalar sector. In ref. [3] the most general scalar potential of the minimal LR-model was studied 1 . It was shown that the potential has a minimum with the see-saw relation v L v R = γ(k
, where v L,R and k i are VEV parameters of the left-and right-handed triplets and bidoublet, respectively, while γ 1 However, it was assumed that the parameters of the scalar potential are real.
is a particular combination of the scalar potential parameters and k i 's. By analysing the mass limits of neutrinos it was further shown, abandoning the possibility of finetuning the Yukawa couplings and the scalar potential parameters, that, to avoid the need to fine-tune the parameter γ very close to zero, the most natural possibility is to have v R > ∼ 10 7 GeV. Another possibility, to have v R and thus M Z ′ in observable range, is to look for a new symmetry to eliminate the relevant terms from the scalar potential to guarantee that γ = 0 without fine-tuning. In both cases v L becomes negligible. Thus we assume that the VEV of the left-handed triplet vanishes, v L = 0.
In this case the parameter ∆ρ 0 can be expressed in terms of the mixing angle ζ of the charged gauge bosons and the ratio M The present study differs from the previous ones in the respect that we use the experimental value of the top mass as a constraint and that we study also the case where the gauge couplings g L and g R corresponding to the subgroups SU(2) L and SU(2) R may differ by performing the analysis with various values of the ratio λ ≡ g L /g R . The motivation for doing this is that if the LR-model is embedded in a grand unified theory, it can happen that the discrete left-right symmetry is broken at much higher energy scale than the weak scale, allowing g R = g L in the lowenergy phenomena. For example, in the case of supersymmetric version of SO (10) grand unified theory, a chain of symmetry breakings can be realized that leads to a SU(2) L × SU(2) R × U(1) B−L breaking scale ≈ 1 TeV and to a value of λ as large as
2. Basic structure of the LR-model. In the LR-model, with the gauge group
The quark sector is assigned correspondingly. In the minimal LR-model the scalar sector contains fields Φ, ∆ L and ∆ R assigned to the representations (2, 2, 0), (3, 1, 2) and (1, 3, 2), respectively. The vacuum expectation values of the fields are
As discussed in the Introduction, we shall set v L = 0. Due to these VEV's, the group 
The masses of the neutral gauge bosons Z, Z ′ read as
where shorthand notation c w = cos θ W for weak mixing angle has been used. In the LR-model the weak mixing angle is defined through
Here g ′ is the U(1) B−L gauge coupling and
and λ = g L /g R .
Using Eqs. (2) and (3) one deduces the value of the parameter ∆ρ 0 ,
where
One should notice that ∆ρ 0 can be either positive or negative depending on the values of β and ζ.
The neutral current lagrangian reads
where W 3L,3R are the neutral SU(2) L,R gauge bosons, and B is the gauge boson of
The lagrangian (8) can be expressed in terms of the photon field A and the fields Z L and Z R requiring that photon couples only to the electromagnetic current j em = j 3L + j 3R + j B−L and defining Z R to be that combination of W 3L , W 3R and B that does not couple to j 3L . It follows that Z L and Z R couple to the currents e/(s w c w )(j 3L − s 2 w j em ) and e/(s w c w λy)(y
, respectively. After a rotation to the mass eigenstate basis Z, Z ′ ,
we can express the neutral current lagrangian in terms of the mass eigenstates A, 
In the minimal LR-model ξ 0 reads, in the limit
3. The LR-model formulas for the observables. In Standard Model, the analyses of the low-energy data are based on the effective lagrangian of the form
. (13) Here the loop corrections are collected to form three effective quantities e 2 (q 2 ), ρ(q 2 ) and s 2 ef f (q 2 ), which depend on the energy scale |q 2 |, such that L ef f preserves the form of the tree level lagrangian. This can be naturally done also in the context of the LR-model. However, one might wonder if the form of the effective quantities e 2 , ρ and s 2 ef f is changed when the tree level LR-model corrections are taken into account. It was shown in [5] that, in leading order in quantities β, ξ 0 and ∆ρ 0 the changes can be parametrized with ∆ρ 0 only:
where ∆ρ SM and ∆κ SM represent the Standard Model loop corrections and
Thus the low-energy lagrangian for the LR-model can be written in the form
Strictly speaking, the Eq. (14) 
Here ∆r represents the Standard Model loop corrections and δ F the LR-model tree level corrections to the muon decay rate. As δ F is a second order correction in the parameters ζ and M 
In the relation (16), we have included in addition to the O(α)-corrections also the O(αα s )-corrections [7] whereas in Eqs. (14) only O(α)-corrections [6] are included.
This is because the parameter s 2 , calculated from relation (16) , enters also in the expressions of the LEP-observables, which are measured with a much greater accuracy than the low-energy observables.
From (15) one can write the model independent low-energy parameters, as defined through the model independent effective lagrangians, in terms of LR-model parameters. For deep inelastic neutrino-hadron scattering the parameters ε L,R (q)
are defined through the lagrangian
with the LR-model expressions
where 
This implies, together with the experimental limits of the light neutrino masses [9] , m ν 1 < 7.3 eV, m ν 2 < 0.27 MeV and m ν 3 < 35 MeV, approximate lower bounds for the heavy neutrinos:
Further, the current eigenstates ν L and ν R can be expressed in terms of the mass eigenstates χ through a unitary transformation,
where U Ll etc. are 3×3 submatrices of a unitary 6×6 matrix U and χ h , χ l denote the heavy and light Majorana neutrinos, respectively. The see-saw mechanism implies that U Lh and U Rl are O(m l /m N ) and U Ll and U Rh are O(1) [8] . We can now write the left-and right-handed parts of the neutrino neutral current effectively as
where dots represent the contribution where there is at least one heavy neutrino involved. When the limits (21) apply, the production of heavy neutrinos is forbidden at low-energy scales and the lagrangian (18) is applicable.
Note also that, as the parameters ε L and ε R are determined from the ratios 
The LR-model expressions for them are
For the ν e -e scattering the charged current contribution must be included. Again, it is easy to check that the charged current LR-model contribution to the cross-section is a negligible second order term in parameters ξ 0 and M
The effective parity violating lagrangian in the electron-hadron scattering defines the parameters C iq according to
The parameters ρ and s 2 ef f in the low-energy formulas depend slightly on the process in question. Furthermore, there are some additional terms from the box graphs [6, 10] , which should be included. The experimental values of the lowenergy parameters are taken from Ref. [10] .
In the Z-line shape measurement at LEP, the ee → f f(γ) cross-sections are fitted, after subtracting the pure QED effects and the γ-Z interference term, to the
An additional gauge boson would give a contribution to the cross-section [11] 
where We shall use the following high energy observables in the analysis: the total width of the Z-boson Γ Z , the hadronic peak cross-section σ had p , the ratio R l between the hadronic and leptonic widths and the mass of the Z, the ratio R b between the partial width to a bb-pair and the hadronic width, the mass of the Z and the effective leptonic weak mixing angle defined through
which can be extracted from any of the leptonic asymmetries A F B , P τ , A 
and the QCD correction factor is defined by
The partial width to a bb-pair has a slightly different behaviour due to the large contribution from the Zbb-vertex. This is taken into account by a parameter δ vb defined through
In the limit of the large top mass it has the form [13] δ vb = − 20 13
The Eqs. (34) and (35) can also be applied to the case of light neutrinos after removing the A R ξ 0 terms. The partial widths to a light and a heavy neutrino and to a heavy neutrino pair can be neglected even if these decays are kinematically allowed. This is because the widths are proportional to In addition to the low-energy and LEP-data we also use the W -mass value M W = 80.23 ± 0.18 [12] as constraint, theoretical value for M W being calculable from Eq.
(16).
4. Results and discussion. We have performed a χ 2 -function minimization to fit the LR-model parameters with various values of λ = g L /g R . As input we have used M Z = (91.1888 ± 0.0044) GeV [12] , m t = (174 ± 17) GeV [2] , α s = 0.118 ± 0.007 [15] and ∆α (5) = 0.0288 ± 0.0009 [16] . Here ∆α (5) is the contribution of the light quarks to the running of α from low energies up to M Z . It appears in the loop correction factor ∆r in Eq. (16) . In addition to the LR-model parameters, the strong coupling constant α s and the top mass m t were allowed to vary. The experimental values for them cited above were used as constraints. The mass of the higgs was assumed to be between 60 and 1000 GeV with a central value 250 GeV.
The 95% CL results for the case with the unspecified scalar sector are presented in Table 1 . The allowed ranges of the parameters are slightly larger for larger values of λ. The same holds also for the case of minimal LR-model, results for which are presented in Table 2 , and for the minimal LR-model with a negligibly small W -W ′ mixing angle ζ, the results for which are presented in Table 3 . The best value of the top mass was found to be, almost independently of the model considered, to be around m t = 150 ± 35 GeV ( 95% CL). We performed also a Standard Model fit to the parameters m t and m H . We found the 68% CL result
in agreement with a recent study [17] .
We now compare our results with those obtained in the studies [18] and [19] .
Langacker and Luo [18] used low-energy measurements, LEP-measurements and In the case of minimal LR-model, one obtains from Table 2 a lower bound also for M W ′ by using the relation
which follows from the Eqs. (2) 
